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Motivation

Recent events and NWS strategic documents cite
improvements needed in:
Flash flood guidance

2. Hydrological process representation in models (both at River
Forecast Centers & Weather Forecast Offices)

3. Hydrometeorological ensemble methodologies: better
characterize forecast uncertainty

4. Communication of hydrometeorological forecasts: risks and
uncertainties - support risk-based decision-making

The Record Front Range and Eastern Colorado




2015 - 2017 HMT-USWRP Project:

Demonstration of Advanced Ensemble Prediction Services for NWS

Hydrometeorological Forecast Operations

* Objectives:
* Generate probabilistic short-range QPFs
* |Inputinto hydrologic model

* Produce improved combined
hydrometeorological forecasts

* Develop in close collaboration with operational
forecasters

* Project start date: 1 September 2015

* Multi-agency team:
* Kelly Mahoney (NOAA/PSD)
* Dave Gochis (NCAR)
* Trevor Alcott (NOAA/GSD)
* Daniel Nietfeld (NOAA/NWS/WFO Omaha)
* Dave Reynolds (NOAA/ESRL/PSD, CIRES)
« Rob Cifelli (NOAA/PSD)
» Stan Benjamin (NOAA/GSD)
* Brian Cosgrove (NOAA/NWC)
* Chad Kahler (NOAA/NWS/WRH)
* Mark Strudley (NOAA/NWS/WFO Monterey)
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Precipitation forecasts from High Resolution
Rapid Refresh (HRRR) model

e Currentoperationalversion of HRRR
e 3-km
* Deterministic

* ProbabilisticHRRR efforts being developed

* Initial proof-of-concept for driving WRF-Hydro ensemble: Use time-lagging
methods
* NOAA ESLR GSD’s HRRR Time-lagged ensemble (HRRR-TLE)
* http://rapidrefresh.noaa.gov/hrrrtle/
* Ongoing development: Use experimental HRRR ensemble
* |In proof-of-concept stage in NOAA ESRL GSD
* http://rapidrefresh.noaa.gov/HRRRE/
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Hydrologic forecasts generated by WRF-Hydro:
National Water Center operational configuration

@) NWC " BRNCAR

NATIONAL CENTER FOR ATMOSPHERIC RESEARCH

National Water Modeling Initial Operating Capability (I0C):

* Operational forecast streamflow guidance for currently underserved
locations (~4,000 = 2.7 million river reaches)

e Spatially continuous estimates of hydrologic states for the nation through
enhanced physical accounting of major water cycle components

* snowpack, soil moisture, ET, channel flow, flood inundation

] WRF-Hydro Modeled Streamflow, River Stage +
National Water Model Soil Moisture, ET, SWE, grldded options (CO Front Range Example)

'rﬁ "o. l ‘ TN ”& [ Mep ite 0 m~3/sec 50 [
s % -.. g "“‘“"“P
—l e oLl ey losh Luke - I
ey % [7] AHPS River Stage
k®imoienchd @ . Hygiene
| 4 - -
(S | - H @)
TV A g 5 =
ol :r ., ' Sy [) meters  4.25
& /] \-. e Mwnv.cwngl. ’
F‘“-.. St_ V i‘h D "mh. .' 5
. ,'n Twin Pealaplf Course . % 5N 7] Soil Moisture
| hRd ,.V e -. x 9th Ave 92
c R DMINE 2 |_ mont 1 | | .
! | .-u-c
e ¢ 3 e i- ong g [) mm 500
T A g Go Ideond s ik H
ecsolemesse oo 2 . Id@ue —i I
g ) .
%, 2 o e, . [¥] Accum. Precip.
% a .-.‘-GA; !‘ﬂ ece s -
., e o) M—‘%
o 2 \ = T e |
.-.- MMMMM Rd . Rd -.l ..w, : 0 mm 350
h = 5[ 2l —
() -e -' F eseme R
= Evapotranspiration
Legend M Stream Flow Rate River Stag i =
s 1) o ; 5N =l Ly | o —
0-119 L L] i €D [\ e 30 / 30 0 mm 150
2 2 [ 0 |2 [ 2
119-7,520 . & ;: [ \ Z: 5 | — T | —m—m) -
— 7,521 - 88,700 Potcsi 10 | \ Y S - T / g E [7] Snow Water Equiv.
——— 88,701 - 201,900 Querstars e g | — w E g, %
== Sy N " U | Co—
e 201,001 - 460,000 - e L - — - . . —
UUU 10000 SpI1200 SpB0W0  Sel3ine 130000 Sp11200  Sw130000  Sep13i2e 0 mm 1
— 150,001 - 1,200,000 « @@

Esri. HERE. DeLorme. Mapmylndia, ® OpenStreethsp contrioltors, nd the GIS Lser community.




WRF-Hydro/National Water Model v1.0:

e Target operational date: mid-June 2016
e System Configuration:
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WRF-Hydro/National Water Model v1.0:
Analysis and Forecast Cycling Configurations

Meteorological
Cycling Forecast Forcing Outputs




HRRR-Ensemble + WRF-Hydro Hydrometeorological Ensemble

* |nitial hydrometeorological ensemble design
* Testing using time-lagged HRRR “ensemble”
e Future versions will use experimental HRRR ensemble members

Generation of precipitation Generation of streamflow, Hydro perturbations
and surface input fields distributed hydro model introduced (e.g. hydro physics,
(QPF, p, u,v, T, radiation) outputs (e.g., inundation) soil moisture perturbations)

Hydro
HRRR drives perturbations ~ Hydromet Member1

WRF-Hydro

Hydromet Member 2

Hydromet Member 3
Hydromet Member4

Hydromet Member5

R

Hydromet Member 6

Hydromet Member 7
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Case study:
October 2015 South Carolina flooding
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October 2015 South Carolina
flooding: Forecast chaIIenges

South Carolina Precipitation Storm Total Ending at 7 AM Oct. 5th, 2015
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* Widespread, multi- daYevent uncertaintyin track of Joaquin; models
focusing heavy rainfall north of SC until 1-2 days out reduced
preparedness

* Challenges oncerainfall began: precip gradients, hydrologicresponse
times, ultimate flood depth and duration, anticipation of impacts

* Highlights gaps in coupled hydrometeorological forecast guidance at
both medium-and short-range time and space scales



October 2015 South Carolina flooding: HRRRX forecasts throughout event
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12-h HRRRX QPF early in event 12-h HRRRX QPF mid-event 6-h HRRRX QPF later in event
(06 UTC 3 Oct) (12 UTC4 Oct) (18 UTC4 Oct)

* HRRR indicated heavy precipitation;important mesoscale details shifted

in some key runs
* Time-lagging uses already-available runstoincrease model forecast

samplesize
* 100+ HRRR cycles run through WRF-Hydro



Results: Analysis-driven WRF-Hydro simulation

Streamflow animation: MRMS driving WRF-Hydro
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Results:
HRRR Time-lagged ensemble-driven WRF-Hydro forecasts

Streamflow Hydrographs (units cms) [note: uncalibrated, no DA, no QPF bias-correction]
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Results:
HRRR Time-lagged ensemble-driven WRF-Hydro forecasts

Streamflow Hydrographs (units cms) [note: uncalibrated, no DA, no QPF bias-correction]
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Results:
HRRR Time-lagged ensemble-driven WRF-Hydro forecasts

Streamflow Hydrographs (units cms) [note: uncalibrated, no DA, no QPF bias-correction]
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Results:
HRRR-driven WRF-Hydro forecast of Soil Saturation

(deterministic example of potential output)

 HRRR-driven vs. Analysis-driven simulated % Soil Saturation

L d

12hr HRRR-driven WRF-Hydro Forecast MRMS-driven WRF-Hydro Analysis
Valid: 00UTC 06 Oct 2015 Valid: 00UTC 06 Oct 2015

.05 1

% Soil Saturation (top 2 soil layers)



Results:
HRRR-driven WRF-Hydro forecast of Surface Inundation

(deterministic example of potential output)

 HRRR-driven vs. Analysis-driven simulated surface inundation (mm)

12hr HRRR-driven WRF-Hydro Forecast MRMS-driven WRF-Hydro Analysis
Valid: 00UTC 05 Oct 2015 Valid: 0OUTC 05 Oct 2015

Surface Water Inundation Depth (mm)
[Max values up to +1000 mm]



Next steps

* Run hydrometeorological ensemble on retrospective events occurring across
different regions, seasons, space/time scales

* Incorporate HRRR experimental ensemble

» Develop forecast products targeted toward bridging identified gaps between
weather, water forecast(er)s

* Maintain continuous dialogue with WPC FFalR, WFO, RFC forecasters to
evaluate potential value of tools

* Develop products that can both differentiate and combine atmospheric/
hydrologic uncertainty

* Integrate impacts, hazards, risk assessment information

NWS Flood guldance vs. HRRR-WRF-Hydro Model Forecast
‘ - 12hr HB R-driven
\ % o
Coastal ‘ e . ‘:b
' X

Flood
Advisory

Surface Water Inundation Depth (mm)
[Max values up to +1000 mm]
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National Water Center Strategic Plan

Multi-Year Strategic
Science and Services Plan

Total Water Prediction and National Water Center
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s ESRL

GLOBAL SYSTEMS'DIVISION,

Deterministic HRRR:

> High-resolution forecast Member

» Fresh forecast always available through hourly updates

Time-Lagged Ensemble (HRRR-TLE):

» “Ensemble of opportunity” (synthesis of
available deterministic forecasts)

» Hazard likelihood probabilities

> Less small-scale detail in probabilities than [
in individual forecasts

» Proxy for confidence/certainty

| Supercell
probability
past hour

» Underdispersion

HRRR-TLE



Real-time Tests

» March —June 2016
» Initial perturbations from NCEP Global Forecast System (GFS) Ensemble
» HRRR-like, but smaller domain

» 6+ forecast members

S

» More spread than in time-lagged ensemble it

» Increased skill?

HRRRE domain
example

Retrospective Tests —~1950 km x 1650 km

» 27 April 2011 tornado outbreak in southeast US
» 23— 24 May 2015 Blanco and San Marcos River (Wimberley, TX) flood (coming soon)
» 25— 26 May 2015 Houston, TX flood (coming soon)

» 2 —4 October 2015 South Carolina flood (coming soon)

HRRRE



Hydrometeorological Design Studies Center
Natinnal Water Cen‘er, National Weathar Senvice
National Oceanic and Atmcspheric Administration

1325 East-West Highway, Silver Spring, MD 2091C
E-mail: HDSC questons@noaa.gov

Updated: 6 October 2015

The Hydrometeorological Design Studies Center (HDSC) analyzed annual exceedance probabilities
(AEPS) of the worst case rainfall 1or the South Carolna rantall even’ that occurred during 2 - 4 October 2015
The rainfal event delivered ranfall amounts tha: exceeded 20 inches in 4€ hours in some locations

AEP is probability of exczeding a given amount of ranfall for a given duration at least once in any given
year at a given location. It is an indicator of the rarty of ran‘all amounts and is used as the basis of hydrologic
design. The rarity o this event is illlustrated in three figures below. Figure 1 shows how the maximum observed
rainfall amounts compared tn correspanding ranfall frecuaney estima‘es for AFPs fram 1/10 (10%) to 11000
(0.1%¢) for durations from 1-day to €0-day for a ran gauge ir Socuth Caralina - US15CCR0069, Mount Pleasant
6 4 NF (32 BO655°N, 79 796166°W) The ran gauge i part of the Community Collaborative Rain, Hail & Snow
Network (CoCoRaHS). The AEDMs are estimates from the NOAA Atlas 14, Volume 2. As can be seen from
Figure 1, observed raintall amounts have annual exceedance probaniities of signticantly less than 11000 tor
all durations from 2-day to 60-day (ending on October 5)
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Figwe 1. Maximum observed rainfail armounts in r2latioastip (o caresponding precipitalion frequency
estimates for the US1SCCR0069 gavge

The maps in MNgures 2 and 3 show the areas ‘hat experienced rainfall magnitudes with ACPs ranging
from 1/10 (10%) to smaller than 1/1000 (0.1%) for the 24-hcur and 72-hour duration, respactively. The 24-hour
and 72-hour durations were selected as examples, maps for other daily duratons look similar to the 72-hour
map. Note that the beginning and ending of the worst case cbservation period is not necessarily the same for
each location. As a result, thess maps don't represert isohyets at any particuler point in time, but rather the
whcle event. Rainfall amcunts are derived from the Nationel Centers for Environmental Predict (NCEP),
Environmental Modeling Centar's (EMC) Stage IV analyss Rainfall frequency estimates are from the NOAA
Allas 14 _Volume 2.
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South Carolina Annual Exceedance Probabilities (AEPs) for 72-hour Rainfall
2 - 4 October 2015

Hydrometeorological Design Studies Center
National Water Center, National Weather Service
National Oceanic and Atmospheric Administration
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PSD Raln Gauge / MRMS Comparison
Southeastern U.S. Rainfall Event - October 1-5, 2015
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